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Abstract 
Heavy metal contamination of large areas due to mining and metallurgical operations poses a serious long-term 
environmental problem for some industrial regions of Bulgaria. The investigated Kremikovtsi region located near the 
capital city of Sofia, Bulgaria, is one of the most highly polluted ones by heavy metals, regarding both the soil and 
the spoil banks formed by long-term deposition of steel production residues and foundry. This research aimed at 
studying the possibility for reusing paper industry wastes as additives in phytoremediation of heavy metals polluted 
substrates of the spoil banks in the Kremikovtsi region. Greenhouse remediation experiments of heavy metals polluted 
substrates, collected from the spoil banks located in the vicinity of the metallurgical plant “Kremikovtsi”, have been 
performed. Phytoremediation was performed by planting 2- years-old seedling of the red oak (Quercus rubra L.) and 
Austrian pine (Pinus nigra Arn.) trees. In independent experiments with a polluted substrate and with a mixture of 
substrate and paper wastes and inorganic fertilizers - nitrogen (N), phosphate (P2O5), and potash (K2O), respectively 
were added in N-P-K ratio of 6-1-3 or 2-1-2. Plant biometric measurements, heavy metal content analyses, both in 
plants and substrates were performed at the end of the vegetative season. It was found that phytoremediation was 
enhanced by adding wastes from paper industry and mineral fertilizers. The results obtained showed that the 
simultaneous application of wastes from paper industry and fertilizers (N-P-K ratio equal to 2-1-2) improved both the 
sapling growth and the heavy metal accumulation. However, the bioaccumulation and translocation  of  heavy  metals  
to  the  aerial  part  of  the  plants depended strongly on the tree peculiarities. 
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1. Introduction 
Although soil pollutants may originate from natural sources, such as parent materials with naturally 
high heavy metal concentrations, the human activities currently have major impacts on the global and 
regional cycles of most of the trace elements. According to the existing information [1] on the territory of 
Bulgaria, the polluted soils, by different chemical substances is approx. 43 600 ha. They are located 
mainly in the vicinity of mining and smelting industrial enterprises, near highways and areas, in which 
chemical industries are present. Phytoremediation through planting with metal-tolerating tree species is 
the most widely used practice for their recovery. However, biomass seedling suppression is often 
observed on such territories due to both the toxicity of heavy metals and to the changes occurring in soil 
nutrient status [2]. Studies on the relationship between fertilization and nutrient cycling in different kinds 
of forests species found is most likely to be influenced by high rates of fertilization and nutrient run-off[3-
5] In spite that the benefits of fertilizers application are well known, for various cases of polluted soils 
and substrates [6-10], for spoil banks – the studies performed so far are rather limited.  Additions of waste 
paper products for improving soil properties have been rarely investigated [11-13]. Nevertheless, these 
results exhibited that soil receiving waste paper experience changes in both - soil structure and their 
chemical properties. Thus, application of fertilizers is expected to play a promising role for a higher 
biomass production rates and for a more effective metal transfer to the cultivated species. 
This research aimed at studying the possibility for reusing paper industry wastes as additives in 
phytoremediation of heavy metals polluted substrates of the spoil banks in the Kremikovtsi region.  
2. Materials and Methods  
Greenhouse pot experiments have been performed with 2-years old seedlings of red oak (RO) 
(Quercus rubra L.) and Austrian Pine (AP) (Pinus Nigra Arn.). For each tree species two variants of 
experiments have been performed. For the first variant of experiments (I), a mixture of heavy metals 
polluted substrates of the spoil banks in the Kremikovtsi region and paper wastes in a ratio 3:1 was used. 
The second one (II) have been performed with substrate of the spoil banks alone. For both variants, 
mineral fertilization - nitrogen (N), phosphate (P2O5), and potash (K2O), respectively were added in a N-
P-K ratio of 6-1-3 (the variants were named Ia and IIa) and 2-1-2 (Ib and IIb). In control variants (Ic and 
IIc), no fertilizers were applied. At the end of the growing period, measurements of the height and 
diameter of the seedlings at the soil surface was performed.  
A set of 5 reference seedlings of those planted in the experimental pots have been collected and the 
element concentrations of 1-year needles and leaves from 2-years old seedlings of oak were analyzed at 
the start and at the end of each experiment. The elements concentrations of the soil samples were also 
analyzed through processing by a mixture of HNO3 : HCl  in a ratio of 1: 3 and subsequently measured 
by AAC in a Perkin Elmer 370 A apparatus. The enrichment coefficient (Ken) was determined according 
to the equation: 
Cs
ClKen  (1) 
where Ken – is enrichment coefficient; metal concentration in leaves/needles is assigned as Cl, and in 
substrate – as Cs.  
Substrate from spoil banks was characterised with pH – 8,2; total  – 0,61%; total N – 0,06%; 
humidity – 2,23%; specific gravity – 2,91; bulk density   1,7 g/cm3; clay (<0,01 mm) – 29,31%; sand 
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(>0,01 mm) – 70,69%; skeleton (> 3 mm) – 71,82%, (< 3 mm) - 63,97%. The paper waste, applied in the 
experiments was characterized with  pH – 6,5; humidity – 73,3%; content of plant fibres – 25 %, 40% 
from which represent wood fibres material, 35% fibres from needles, 25 % - from deciduous trees and 
mineral dust content – 4,3%. Mineral fertilizers used in the experiments were (NH4)2SO4, KH2PO4 and 
KNO3. In order to achieve the mentioned N-P-K ratio, recalculation to active substances was performed.  
3. Results and discussion 
The seedlings have been irrigated weekly and their height and diameter at surface of the soil have been 
measured twice – in March and in September.  The results of the seedling growth achieved as increment 
in height and diameter of the seedling in the different variants of experiments are presented in Fig. 1 (A –
D). In spite of the variation of the initial height of the seedlings, the considerable increase of biomass 
indexes for the studied period is obvious. The highest growing rates have been established for red oak 
(RO), for all variants of experiment I (mixture of substrate and paper wastes) and in experiment II b (N-
P-K ratio 2 : 1 : 2) (Fig.1 A and B). The maximum increment of the seedlings in height (9.3 cm (±1.7) 
and in diameter (1.12 cm (±0.1) was found in experiment Ib. This variant exhibits optimal growing 
conditions. The results of the second variant II of the experiments (a, b, c) - performed with substrate of 
 
 
Fig. 1. Increment in height and diameter of the seedling in the different variants of experiments: (A) Red oak  I; (B) Red oak  II; (C) 
Austrian Pine I ; (D) Austrian Pine II. 
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the spoil banks only, showed a lower increment in height and diameter of RO seedling material in 
comparison with the experiment I (Fig. 1B). These differences are more pronounced when fertilization is 
performed – variants a and b. These results indicate that the factors, influencing biomass production, are 
both fertilization and paper wastes addition. The last ones are known to provide a source of carbon 
because of the plant fibres that is especially important for balancing the carbon-nitrogen ratio [14]. 
Additionally, paper wastes improve the density and water holding capacity of the substrate.  Fertilization 
performed in both variants of the experiment – with a mixture of substrate and paper wastes, as well as, 
solely, with substrate of the spoil banks improves the growing process of red oak seedlings in comparison 
with variants without it – Ic and IIc. In fact, the red oak seedlings in the substrate of the spoil banks 
without fertilization increase their height only with 2.6 cm (± 1.1) and diameter – with 0.34 cm (± 0.11).  
The results of experiments of variants I and II, performed with Austrian Pine (AP) reveal a similar 
trend with that found for RO. Again, the increment of the pine seedlings is highest in variants of 
experiment Ib (height 9.8  cm  (± 1.2); diameter 1.5 cm (± 0.3) and IIb (height 9.4  cm (± 2.1); diameter 
1.1cm (± 0.4) (N-P-K ratio 2 : 1 : 2) (Fig. 1C and D). Obviously, these variants suppose optimal 
conditions for grafting, growing and biomass increase. The lowest increment in a height and in diameter - 
2.7 cm (± 0.4) and 0.5 cm (± 0.21), respectively, of the pine seedlings were found for variant IIc, where 
no fertilizers were added. 
The concentration of the pollutants - Pb, Cd, Mn , Fe and the potassium have been measured in 
substrates and in the leaves and needles of the seedlings after experiments performed and the results 
obtained are presented in Table 1. The mineral fertilization with N-P-K leads to increase in the potassium 
content. The concentrations of heavy metals exceed the maximum permissible concentrations (MPC) for 
the respective soil pH (Government Newspaper (36/1979; 54/1997). However, direct effects of metal 
pollution on the tree growth over the studied period have not been established. The enrichment coefficient 
(Ken) values and measured concentrations of metals are presented in Table 2. 
   Table 1. Elements concentration in mg kg-1 of the polluted substrates of the spoil banks of the Kremikovtsi region. 
Variants of the experiments K Mn Fe Pb Cd 
 Red oak (Quercus rubra L.) 
 
I 
a 1168 21103 85343 5491 4 
b 1247 25974 83606 5327 4 
c 775 26298 82352 4918 4 
 
II 
a 1292 24350 75667 8278 5 
b 1120 23450 82324 7536 5 
c 904 20616 63511 7622 6 
 Austrian Pine (Pinus Nigra Arn.) 
 
I 
a 1219 27110 94770 6557 4 
b 1131 26350 80520 5835 4 
c 1028 24026 99484 5163 5 
 
II 
a 893 22402 76163 9344 6 
b 1021 21850 81230 7825 5 
c 842 31980 93778 8770 7 
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  Table 2. Element concentrations in mg kg-1 in leaves and needles of the seedlings and enrichment coefficient (Ken). 
 
Variants of the               K Ken Mn Ken Fe Ken Pb Ken Cd Ken 
experiments 
Red oak (Quercus rubra L.) 
I a 6544 5 108 0.005 738 0.01 20 0.003 0 0 
 b 6235 5 232 0.008 852 0.01 12 0.002 0 0 
 c 4213 5 94 0.003 997 0.01 16 0.003 0 0 
 
II a 8144 6 120 0.004 998 0.01 20 0.002 0 0 
 b 7235 6 102 0.004 925 0.01 19 0.002 0 0 
 c 5084 5 146 0.007 965 0.01 16 0.002 2 0.3 
Austrian Pine (Pinus Nigra Arn.) 
 
I a 6516 5 47 0.001 965 0.01 20 0.003 0 0 
 b 5829 5 51 0.001 918 0.01 21 0.003 0 0 
 c 5898 5 131 0.005 654 0.01 12 0.002 0 0 
 
II a 5814 6 56 0.002 852 0.01 9 0.001 0 0 
 b 6321 6 68 0.003 768 0.01 11 0.001 0 0 
 c 5505 6 62 0.001 965 0.01 12 0.001 0 0 
 
The measured concentrations of potassium in leaves/needles were high and correspond to its 
concentration in the mixture of substrate with paper waste and in the substrate alone for all variants of the 
experiments – I and II and sub-variants a, b and c. The calculated Ken in variants of experiments II for 
both tree species exceeded that for variants I. Obviously the fertilizer-uptake efficiency by seedlings in 
the experiments with substrate only is higher. In spite of the extremely high concentrations of Fe, Mn, Cd 
and Pb in the mixture of substrate and paper waste and in the substrate only, the Ken values for these 
elements are low. Austrian pine seedlings appear to accumulate lower concentrations of Mn and Pb in 
experiments II. 
The lower solubility of those elements in the alkaline medium of the substrate is probably the main 
reason for this behavior. The tolerance and survival of plants on metal-contaminated soils was described 
as arising from multiplicity of physiological and biochemical responses, including both avoidance and 
true resistance mechanisms [15]. According to the results of the experiments, Cd was not detected in the 
leaves and needles of the seedlings except for the sub-variant for red oak – IIc. However, its 
concentration is lower than the acceptable limit of 3 mg kg-1 [16]. 
4. Conclusions 
A simultaneous application of wastes from paper industry and fertilizers (in a N-P-K ratio equal to 2-
1-2) improved both the sapling growth and the heavy metals accumulation in the substrate of the spoil 
banks in the Kremikovtsi region. Addition of paper wastes improves the tree growing conditions 
concerning carbon/ nitrogen ratio, as well as density and water holding capacity. The highest growing 
increment has been established in case of Quercus rubra L. for all variants of the experiment with a 
mixture of substrate and paper wastes and in the experiment performed only with fertilized (N-P-K ratio 
2 : 1 : 2) substrate. The maximum increment of the seedlings was in height 9.3 cm (±1.7) and in diameter 
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1.12 cm (±0.1). The results of the experiments, performed only in the substrate from spoil banks, showed 
weaker increment of seedlings in height and in diameter.  
The uptake of metals by seedlings, evaluated by using the Enrichment coefficient (Ken) concept 
exhibited relatively low values, which could be associated with resistance of the chosen tree species. Both 
tree species Quercus rubra L. and Pinus Nigra Arn. tested in the experiments showed good potential to be 
applied for phytoremediation of heavy metal-contaminated lands. 
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